MMCR DRIZZLE ESTIMA TION

(a) SEDIMENT ATION- EVAPORA TION MODEL

Simple micr ophysical model that solves the evaporative evolution of the size distribution of a population of dr oplets sedimenting under gravity in a still atmospher e.

Input variables: (a) cloudbase drizzle dr op size distribution (her e assumed to be exponential), and (b) the r elative humidity gradient below cloud base (her e taken fr om radiosonde measur ements).

Output: equilibrium dr op size distribution at each level below cloudbase z_{CB}.

Model r esults ar e well parameterized using a form:

R(z)/R(z_{CB}) = exp{-k_{es}χ(z)} [1]

wher e R(z) is the pr ecipitation rate at height z (z<z_{CB}) χ(z) = [(z_{CB}-z)/ r_{v,D}^2]^{1.5}, r_{v,D} is the volume radius of the exponential size distribution at cloud base, and k_{es}depends upon the assumed vertical gradient of the r elative humidity . Model simulations also show that

Z(z)/Z(z_{CB}) = [R(z)/R(z_{CB})]^{0.75} [2]

wher e Z(z) is the radar r eflectivity, dominated at almost all times during the time at the IMET buoy by drizzle.

Right Validation of the sedimentation-evaporation model against aircraft data fr om ar ound the UK in drizzling stratocumulus

(b) DRIZZLE ESTIMA TION METHOD

1. Use hourly mean pr ofiles of r eflectivity ratio Z/Z(z_{CB}) and Eqns. [1] and [2] above to derive cloud base drizzle dr op volume radius r_{v,D}. Constant k_{es} is parameterized as a function of the r elative humidity lapse rate.

2. For a tr uncated exponential size distribution of drizzle dr ops (r >20 μm), a r elationship exists between absolute radar r eflecivity at cloud base Z(z_{CB}), the volume radius r_{v,D} and the drizzle dr op concentration N_D. We use this to derive N_D. We then estimate the pr ecipitation rate from the same tr uncated exponential.

Left: Profiles of normalized r eflectivity from the MMCR (circles) plotted against the scaled height. The dashed line is fr om Eqns. [1] and [2] and matches observations well.

MOTIVATIONS

Drizzle is hypothesized to be an important r egulator of boundary layer cloud liquid water and amount (Albr echt 1989). The effect of drizzle upon the dynamics and thermodynamics of low cloud is not only dependent upon the drizzle rate at the cloudbase, but also upon the degr ee to which drizzle evaporates befor e reaching the surface. The EPIC 2001 Stratocumulus cr uise pr ovides the first measur ements of drizzle in the SE Pacific r egion (the most extensive of all the low cloud r egions). Methods of deriving drizzle pr operties from surface-based r emote sensing measur ements ar e still lar gely undeveloped. EPIC pr ovides a possible testbed for dif ferent pr ecipitation rate estimations. The forthcoming Cloudsat mission will carry a spaceborne millimeter cloud radar sensitive enough to measur e drizzle in low cloud. Estimations of rain-rate fr om measur ed reflectivity r equir e that reflectivityrainfall rate relationships (Z=aR^b, a and b constant) ar e investigated in marine boundary layer clouds.

THIS STUDY We use millimeter cloud radar (MMCR) r eflectivity , together with sonde ascents to determine cloud-base drizzle dr oplet size distribution parameters with a novel technique that does not r ely upon higher moments of the radar doppler spectr um (see e.g. Frisch et al. 1996). This is achieved by modeling the sedimentation-evaporation pr ocess. The model also allows us to estimate the surface pr ecipitation rate. Data pr esented her e are taken with the NOAA R/V Ronald H Brown at the IMET buoy (85W , 20S), 16-21 Oct 2001. We compar e with Met Office C-130 aircraft data taken in 12 cases of drizzling stratocumulus clouds ar ound the UK.

Cloud Base and Surface Drizzle during EPIC Stratocumulus

Robert W ood, Kimberly Comstock, Sandra Y uter, and Christopher Br etherton

Atmospheric Sciences, University of W ashington, Seattle, W ashington

email:r obwood@atmos.washington.edu

MMCR CALIBRA TION

The observed saturation of the MMCR is compar ed with the theor etical saturation curve. Results suggest that corr ection of MMCR by 2 dBZ is necessary . Left: Profiles of the maximum measured reflectivity factor (diamonds) compar ed with the theor etical saturation curve (dotted line). Solid cir cles show that better agr eement between the two curves is obtained by adding 2 dBZ to the measur ed reflectivities.

Following this corr ection we then compar e with the ar eal mean reflectivity fr om a scanning Cband radar thr esholded to best mimic the saturation pr operties of the MMCR. The mean r eflectivities from the two radars agr ee to within 1.5 dBZ which is encouraging.

RESULTS

(a) CLOUD BASE AND SURF ACE PRECIPIT ATION

Left: Cloud base pr ecipitation rate (solid) and per centage reaching surface (r ed) for the EPIC data at the IMET Buoy . Shading indicates estimated errors in the r etrieval method. Mean cloudbase drizzle rate for the 6 day period is 1.75 mm day^{-1}. Surface rain rates ar e only a few per cent of the cloudbase values, and make an insignificant contribution to the boundary layer budgets.

Right: Correlations between drizzle dr op concentration and rain rate, volume radius and rain rate and dr op concentration and volume radius (almost uncorr elated). These corr elations ar e important in the determination of the Z-R relationship (see below).

(b) Z-R RELA TIONSHIPS

If the drizzle dr op concentration and volume radius ar e uncorrelated (as they ar e in the MMCR observations), then the value of the exponent b in the Z-R r elationship is dependent upon the r elative degr ee to which pr ecipitation rate is corr elated with drizzle drop concentration or size. V alues close to 1.5 ar e obtained if size is better corr elated with pr ecipitation rate. Her e, we find values at the cloud base of 1.1-1.2 ( left), because pr ecipitation rates ar e better corr elated with drizzle dr op number concentration than size. These low values of the exponent ar e in very good agreement with those fr om Sc. measur ements fr om air craft around the UK, but considerably lower than those in most heavier rainfall r egimes, which is most likely r epresentative of physical dif ferences in pr ecipitation pr oduction in Sc.

Evaporation r esults in increases in the constant a (see surface Z-R relationship above). This is because smaller dr ops evaporate faster and so R is mor e rapidly decr eased than Z. This is depicted schematically (right). Such dramatic changes in the Z-R r elationships over vertical distances of less than 1 km may have important consequences for spaceborne r emote sensing of drizzle.

CONCLUSIONS

Significant cloud-base drizzle rates (can r each several mm day^{-1}). Most drizzle evaporates befor e reaching the surface => important consequences for the r ole of drizzle in the dynamics and thermodynamics of the boundary layer .

Variability in drizzle rate contr olled lar gely by variations in drizzle number concentration => Z-R exponent b close to 1.1-1.2.

Evaporation r esults in marked changes to the constant a in the Z-R r elationship. The values can incr ease by a factor of 4 between cloudbase and the surface due to evaporational modification of the dr oplet size distribution.

REFERENCE: Albrecht, B. A., 1989: Aer osols, cloud micr ophysics, and fractional cloudiness, Science, 245, 1227-1230.

ACKNOWLEDGEMENTS

We are grateful to the scientists and engineers on the NOAA Ronald H Br own associated with the collection of data during the EPIC cruise. MMCR data ar e kindly provided by Taneil Uttal, Chris Fairall, and Duane Hazen at NOAA ETL.